Summary. Chemical analyses were conducted on uterine fluid and blood serum collected from eighty-eight normal adult dairy cows during various days of the oestrous cycle. Uterine fluid contained higher concentrations of reducing substances, potassium, inorganic phosphate and alkaline and acid phosphatase activity than blood serum while levels of calcium and sodium were higher in blood serum than in uterine fluid, supporting the concept that bovine uterine fluid is a product of active secretion and not of simple diffusion from the blood. Concentrations of reducing substances, total protein, potassium, chloride, inorganic phosphate and alkaline and acid phosphatase activity in bovine uterine fluid were all found to vary with the stage of the oestrous cycle, indicating that, in the case of these substances at least, secretion into the uterine lumen is under hormonal control. The level of alkaline phosphatase in the blood serum was also found to vary with the stage of the oestrous cycle.
INTRODUCTION
Although the importance of the fluids within the female reproductive tract is well recognized, there is more speculation than proof concerning their rôle in reproductive processes. The relatively few early studies concerned with source, composition and function of uterine fluids have been well reviewed by Amoroso (1952) . In recent years, there has been an increasing interest in defining the biochemical nature of the intraluminal environment of the bovine female reproductive tract though efforts to this end have been hindered by the small quantities of fluid available and the difficulty in obtaining the fluid. Olds & VanDemark (1957a, b) reported results of chemical analyses of uterine fluids recovered from cows following slaughter. Heap (1962) and Heap & Lamming (1962) subjected uterine flushings taken from live cows at various stages of the oestrous cycle to chemical analyses. Fahning, Schultz & Graham (1967) reported a study comparing levels of free amino acids in uterine fluids and blood serum collected from cows during the oestrous cycle. In these recent studies, evidence was presented to indicate that the chemical composition of uterine fluid varies with the stage of the oestrous cycle. The purpose of the present study was to compare the concentrations of various chemical consti¬ tuents in uterine fluid and blood serum in cows throughout the oestrous cycle.
MATERIALS AND METHODS
Eighty-eight adult, reproductively normal, Holstein-Friesian cows, maintained under normal feeding and management conditions, were used. All had pro¬ duced at least one normal calf and had calved normally at least 30 days before the collection of uterine fluid and blood serum. All were clinically normal as determined by rectal palpation at the time of sampling. Uterine fluid and blood serum were collected from cows on all days of the oestrous cycle.
Uterine fluid was collected using the technique described by Fahning, Schultz & Graham (1966) . Immediately following collection, the uterine fluid samples were centrifuged at 3300 g for 10 min to remove cellular débris. The supernate was transferred into storage vials, identified and stored in liquid nitrogen at -196°C until the analyses were made. At the time of uterine fluid collection, a 20-ml sample of blood was collected from the same animals by jugular venipuncture, allowed to clot and the serum separated by centrifugation at 3300 g for 12 min. The serum was collected and stored in the same manner as the uterine fluid. Analyses were not conducted until all samples used in the study were collected. As far as possible, constant conditions of collection, storage and handling were maintained for all uterine fluid and blood serum samples.
Chemical analyses of the uterine fluid and blood serum samples were con¬ ducted on individual samples using standard methods as adapted for use with the AutoAnalyzer (Technicon Instruments Corp., Chauncey, New York). The concentration of reducing substances was determined using the technique of Hoffman (1937) . The modification of the biuret reaction published by Weich¬ selbaum (1946) and adapted for the AutoAnalyzer by Stevens (1963) was used for determination of total protein. Sodium and potassium concentrations were obtained simultaneously using flame photometry with lithium as the internal standard. The method of Zall, Fisher & Garner (1956) was used for chloride determinations. Calcium was determined using the Kessler & Wolfman (1964) method. The method of Fisk & Subbarow (1925) , modified for automated equipment, was employed for inorganic phosphate. Alkaline and acid phos¬ phatase activity was measured using the method described by Kind & King (1954) as adapted for automated equipment by Marsh, Fingerhut & Kirsch (1959) .
Analysis of variance (Snedecor, 1956) in the uterine fluid and blood serum samples averaged 131"and 140 mequiv./l, respectively. No significant differences were found between sodium levels in blood serum and uterine fluid. Neither the uterine fluid nor the blood serum concentrations of sodium were found to vary significantly with the stage of the oestrous cycle. The mean potassium concentration in the uterine fluid and blood serum was 14-2 and 5-1 mequiv./l, respectively (Table 1) . The difference between uterine fluid and blood serum potassium content was significantly different. The potassium levels in uterine fluid were significantly associated with the stage of the oestrous cycle (Text- fig. 1 ).
The overall averages for chloride in both uterine fluid and blood serum were 97 mequiv./l. Although the ranges were similar, only the levels in uterine fluid were found to vary significantly with the stage of the oestrous cycle (Text- fig.  2 ), the lowest levels being found during the luteal phase of the cycle. Calcium was found to be present in significantly lower concentrations in uterine fluid than in blood serum with an average of 3 -9 and 9 -6 mg %, respectively ( between blood serum and uterine fluid for reducing substances but not for total protein.
The most surprising findings were the large differences in alkaline and acid phosphatase activity between uterine fluid and blood serum (Table 2) . The levels of sodium and potassium found in uterine fluid were lower than those reported by Gupta (1962) . It is difficult to make a direct comparison between these results, however, since, in the present study, particular effort was made to prevent contamination of the uterine fluids with cervical fluid and it is not clear in Gupta's work whether the fluid analysed was uterine fluid only, or a combination of uterine and cervical fluid. Olds & VanDemark (1957a, b) reported slightly lower sodium levels and higher potassium levels in fluids collected from uteri of slaughtered cows than were found in the present study. The results of electrolyte determinations in slaughterhouse material must be questioned in the light of the findings of Howard & DeFeo (1959) using swine, and Heap (1962) using sheep. Both studies illustrated the fact that ion and water shifts between intra-and extracellular spaces tended to negate the value of using slaughterhouse material. Howard & DeFeo (1959) found that sodium levels increased at the expense of potassium levels in the uterine fluids they studied. This was not the case in the present study.
The high concentration of potassium found on Day 16 of the oestrous cycle is difficult to explain. In the light of the low standard deviation, the effect was not due to a large variation in one individual animal. Since other constituents did not demonstrate a similar rise on the same day and since the samples were analysed in random sequence, it is difficult to attribute the rise to technical analytical errors. Any significance ascribed to this rise would be mere conjec¬ ture.
There was greater variation found in potassium concentrations in uterine fluid than in blood serum (Table 1) . Uterine fluids are composed of secretions of endometrial glands and cellular detritus. Differences in the number of degenerating cells present in the uterus would thus be expected to result in a significant variation in potassium levels between cows.
The observation that calcium concentrations in uterine fluid were lower than blood serum calcium levels is consistent with the results reported by Olds & VanDemark (1957a, b) and Gupta (1962) . Heap (1962) and Heap & Lamming (1960 , 1961 found only traces of calcium in the uterine flushings they collected from the cow during either the luteal phase or the follicular phase of the oestrous cycle. Gupta, as well as Olds & VanDemark, reported calcium levels in the uterine fluid higher than those found in the present study. This was probably due to the differences in the collection techniques employed. The finding that calcium in the uterine fluid was higher near to and during oestrus than during the luteal phase of the cycle agrees with the report of Olds & VanDemark (1957a, b) .
From Table 1 , it can be seen that there was a high potassium : calcium ratio in the uterine fluids. This was highest during the luteal phase of the oestrous cycle. In the light of the reports of Kaufman & Laskowski (1931) and Yoshiura (1932) , this might serve as an indication of growth potential for the blastocyst in the intrauterine environment, particularly when under the progestational influence.
The concentration of inorganic phosphorus found in the uterine fluid of cows was higher than that reported in the studies by Olds & VanDemark (1957a, b) and Gupta (1962) . In all three studies, however, the uterine fluid concentration was higher than in blood serum. The opposite was found to be the case for the rat, rabbit and dog (Shih, Kennedy & Huggins, 1940) .
Reducing substances in the uterine fluids were approximately twice as high as the overall mean value for blood serum reducing substances. This is the reverse of the findings reported by Olds & VanDemark (1957a, b) , which were considerably lower. They were using slaughterhouse material, however, and it has been shown by Heap (1962) that the carbohydrate content in sheep uterine fluids collected following slaughter was appreciably lower than when the fluids were collected by laparotomy and flushing from anaesthetized ewes.
The results are also not in agreement with the work of Olds & VanDemark (1957a, b) or Heap (1962) Skjerven, 1956) but the magnitude of the activity found was unexpected. In contrast to the situation in the pig (Akins, Morrissette & Cardeilhac, 1969) , peaks in both the acid and alkaline phosphatase activity occurred during the luteal phase of the cycle. Although the acid phosphatase activity peak occurred earlier than the alkaline phosphatase peak, indicating that the acid phosphatase activity was not merely a reflection of the very high alkaline phosphatase activity, the biological significance of this is mere speculation at the present time. The relationship of both acid and alkaline phosphatase activity to the stage of the oestrous cycle compares closely with the histochemical determinations of the same enzymes in the endometrium found by Kenney (1964) . Although many functions, such as providing inorganic phosphate ions for metabolic, secretory or excretory functions, have been attributed to the phosphatases in biological systems, the role of these enzymes in the uterine fluids has not been determined.
The findings of this study support the fact that the composition of the fluids within the uterus of the cow is a result of active secretion and not merely a product of diffusion from the blood. This was further supported by the findings of Fahning et al. (1967) in which the concentrations of free amino acids in the uterine fluids were found to be significantly different from those in the blood serum of cows. The mechanism controlling this active secretion is yet to be determined.
That the composition of the uterine fluid in the cow is under the control of hormones was illustrated by the fact that concentrations of reducing sub¬ stances, total protein, potassium, chloride, inorganic phosphate, and alkaline and acid phosphatase activities all varied significantly with the stage of the oestrous cycle. The greatest variation was found to occur in the period of metoestrus. Since this is the period when the early embryo is entering the uterus, it would be of interest to study this period of the cycle more fully in relation to early embryonic requirements and in relation to the 'repeat breeder' cow syndrome. Cannulation techniques are being investigated for this purpose.
